Summary Pretreatment serum levels of neurone specific enolase (NSE) were measured in patients with small cell lung cancer (SCLC) . Median values were significantly higher in patients with extensive compared with limited stage disease (48 ng ml-' v. 17 ng ml-': P <0.001). Serial NSE levels paralleled the clinical response to treatment. In 37 patients with limited SCLC, receiving identical chemotherapy, the pretreatment NSE level was of prognostic significance: with an approximate reduction in median survival of 10% for each 5 ng ml' incremental rise in NSE (P = 0.004).
Neural and neuroendocrine cells have the capacity to synthesise the neurone-specific form of the glycolytic enzyme, enolase (NSE). In several instances tumours derived from these cells retain the ability to secrete NSE and it has been suggested that the isoenzyme may be a useful tumour marker in these circumstances.
Small cell lung cancer (SCLC) is the most common neuroendocrine tumour. Several groups have shown that serum NSE is elevated in the majority of patients with extensive SCLC and a significant proportion of those with limited disease (Carney et al., 1982; Johnson et al., 1984; Akoun et al., 1985; Cooper et al., 1985; Esscher et al., 1985) . Despite reports that NSE levels are consistently higher in extensive than limited stage SCLC, data on the prognostic value of NSE are limited (Akoun et al., 1985; J0rgensen et al., 1988) .
The present study was initiated in 1985 to determine the utility of NSE as a tumour marker in SCLC, and to assess its contribution as a prognostic indicator.
Patients and methods
At the time of diagnosis, serum samples from patients with SCLC were stored at -20°C; overtly haemolysed samples were discarded as haemolysis may result in falsely elevated NSE levels (Esscher et al., 1985) . Assays were performed in duplicate using the Pharmacia radioimmunoassay, with a detection limit of 2.6 ng ml' and a suggested upper limit to the normal range of 12.5 ngml-'.
Staging of SCLC was based on clinical examination, chest radiology, liver ultrasound, transaminase and alkaline phosphatase levels, with other investigations (skeletal radiology, bone or brain scans) undertaken if clinically indicated. Limited stage SCLC was defined according to the criteria of the Veterans Administration Lung Cancer Study Group (Zelen, 1973) as tumour confined to one hemithorax, with or without ipsilateral mediastinal or supraclavicular node involvement. Metastasis outwith the specified nodal areas was classified as extensive disease. As several multivariate analyses have shown that the prognosis in SCLC is more closely related to a few biochemical parameters and pertormance status, than disease extent, these prognostic groups based on albumin, sodium, alkaline phosphatase and alanine transaminase have been included for patients in the survival analyses.
The majority of patients (49 Patients with limited disease achieving complete radiological and bronchoscopic remission received mediastinal and prophylactic cranial irradiation: 30Gy in 10 fractions over 14 days to each site. A further two patients received CAVE off study and 11 were treated with alternative combinations. Four patients were considered unfit for specific therapy.
The median follow-up is 12 months (range > 7 to >31 months) and 15 patients are currently alive. There was one early death to which chemotherapy may have contributed and two sudden deaths in which a cardiac dysrrhythmia seemed probable. One patient died from pancreatic cancer at 9 months, without evidence of relapsed SCLC. Survival has been calculated from initiation of therapy and includes analysis of death from all causes.
The relationship between pretreatment NSE and survival was fitted using proportional hazards model (Cox, 1972) . The estimated median survival times for various NSE values were obtained from this fitted model. The comparison of median NSE values between patients with extensive and limited disease was carried out using the Mann-Whitney U test.
Results
Pretreatment NSE levels are shown in Table I . The median level is significantly higher in patients with extensive than limited disease (P <0.001). Although 12.5 ng ml' is quoted as the upper limit of the normal range, it has been suggested that 25 ng ml-' is the clinically relevant level (Cooper et al., 1985; Esscher et al., 1985) and hence NSE concentrations are shown separately for values between 12.5 and 25 ng ml-'. Most patients with limited disease have levels in this range. The single patient with extensive SCLC and NSE <12.5 ng ml-' had a cerebral metastasis as the only extrathoracic disease. All six patients with NSE levels in excess of 200 ng ml-' had large (>5 cm) liver metastases and three had additional bone marrow disease.
Forty-six of 59 (76%) patients receiving chemotherapy responded to treatment and in all those with intitially elevated levels normalisation of NSE occurred, within 3 weeks in 77% of cases. NSE levels did not distinguish complete (n = 21) from partial (n = 25) remission: median values were 7 (range 5-10) and 8 (range 5-12) ng ml-' respectively. Thirteen non-responding patients had minor reductions in NSE levels though these never reached the quoted normal range (< 12.5 ng ml-'). Of the remaining seven patients, three died too early for response evaluation and four, all with hepatic disease and including the three patients with the However, when pretreatment NSE was plotted as a continuous variable against survival (Figure 1 ), a significant association was seen (P = 0.004) with a reduction of approximately 10% in median survival for each 5 ng ml-' incremental rise in NSE.
Discussion
Using the quoted, conventionally accepted, upper limit of the normal NSE range of 12.5 ng ml-', 79% of our patients with SCLC had raised levels. This proportion is comparable to the observations of several other authors (Carney et al., 1982; Johnson et al., 1984; Akoun et al., 1985; Cooper et al., 1985; Esscher et al., 1985) . However, a higher threshold of 25 ng ml-' has been suggested to give optimal specificity for extensive SCLC (Cooper et al., 1985; Esscher et al., 1985) and our data (Table I) The potential utility of NSE for monitoring patients with SCLC has been documented (Carney et al., 1982; Johnson et al., 1984; Akoun et al., 1985; Cooper et al., 1985; Esscher et al., 1985) . However, NSE concentrations do not appear sufficiently sensitive to discriminate complete from partial remission (Splinter et al., 1987) . Furthermore, although relapse is frequently preceded by rising NSE levels there is, as yet, no evidence that early treatment of relapsed disease prolongs survival. However, if salvage chemotherapy was shown to be of value, the earlier detection of relapse by rising NSE levels would enable treatment to be instituted when the tumour burden was lower and chemotherapy therefore more likely to be effective.
NSE levels are notably higher in extensive than limited stage disease (Carney et al., 1982; Johnson et al., 1984; Akoun et al., 1985; Cooper et al., 1985; Esscher et al., 1985) , and our results confirm this. The inferior prognosis of extensive SCLC is well documented (Akoun et al., 1985; 0sterlind et al., 1987; Vincent et al., 1987; Cerny et al., 1987) , and in (Osterlind et al., 1987; Cerny et al., 1987) . Furthermore, there is an association between serum concentrations of NSE and LDH (J0rgensen et al., 1988) , possibly indicative of tumour bulk or liver metastases. Data on the prognostic significance of NSE are limited. Pretreatment NSE levels were not found to influence survival in either limited or extensive disease in one series, although numbers were small and the discriminant value used was the upper limit of normal (Akoun et al., 1985) . However, NSE concentration and performance status appeared to be the most sensitive prognostic factors in mulitvariate analysis of a patient population including both limited and extensive disease, although stratification for disease extent was necessary as proportional death hazards were unequal in the two groups (J0rgensen et al., 1988) .
Our survival results are reported for limited disease SCLC only because some patients with extensive disease received no specific (n = 4) or possibly suboptimal treatment (n = 11) as a consequence of poor performance status: both of these factors are likely to have compromised their survival. Our staging investigations should exclude from the limited disease category patients with liver or bone metastases: those with bone marrow infiltration may have been erroneously included. However, marrow disease is associated with transaminase elevation (Tritz et al., 1989) and such patients would have been classified as having extensive stage on this basis.
Survival data are restricted to patients randomised in the West of Scotland Lung Cancer trial who received identical chemotherapy. This indicates that in patients with limited SCLC there is a significant association between pretreatment NSE and prognosis in that for each 5 ng ml' increase in NSE, median survival is reduced by approximately 10%.
Although patient numbers are small, it is clear that the majority of patients with limited stage SCLC fall into the best prognostic group of Vincent et al. (1987) and Souhami et al. (1985) , and that NSE levels do not differ significantly between the good and medium categories (Table III) . It is possible therefore that initial NSE level may be independent of the currently accepted prognostic factors.
Clearly, data from more patients are necessary and must be subjected to multivariate analysis to confirm that NSE levels constitute an independent prognostic variable in small cell lung cancer. However, the prospect of further refining the prognostic indices in this disease is encouraging.
